Abstract. Self-emulsifying pellets were prepared using microcrystalline cellulose, emulsions of caprylic/ capric triglyceride, and three Cremophors (ELP, RH40, and RH60) at 1.5 and 2.3 weight ratios, and two drugs (furosemide and propranolol) of different lipophilicity. Droplet size, zeta potential (ζ) and viscosity of emulsions, and pellet size, shape, friability, tensile strength, disintegration, and drug migration in pellets were determined. Evaluation of reconstituted emulsions was based on droplet size and ζ. Factorial design and 3-way ANOVA was applied to estimate the significance of the effects of the drug, surfactant and oil/ surfactant ratio. It was found that droplet size, viscosity and ζ of emulsions, and size, shape, and friability of pellets were affected by the studied factors and were significant interactions between their effects on pellet size and friability. Migration of drug towards the pellet surface was higher for the less lipophilic furosemide and higher oil content. Linear relationships were found between the emulsion viscosity and the shape parameters of the pellets (for the aspect ratio R 2 =0.796 for furosemide and R 2 =0.885 for propranolol and for the shape factor, e R R 2 =0.740 and R 2 =0.960, respectively). For all the formulations examined, an exponential relationship was found between migration (M%) and the product of viscosity (η) and solubility of drug in oil/surfactant mixture (S) (M%=98.1e-0.016 [η•S], R 2 =0.856), which may be useful in formulation work.
INTRODUCTION
Self-emulsifying pharmaceutical pellets combine the advantages of emulsions and multi-particulate solid dosage forms, namely improved absorption of lipophilic drugs with lower variability in gastric transit time (independently of nutrition state) and better stability in the gastric fluids and easier application of coatings for GI track targeting (1) (2) (3) (4) (5) (6) (7) . It has been reported that self-emulsifying pellets do release the drug in the dog GI tract, as if they were the emulsion liquid itself (8) . Furthermore, it has been found that bioavailability of poorly water soluble drugs is improved when they are administered as self-emulsifying pellets, although there are no such products yet on the market (9,10).
Self-emulsifying pellets can be prepared by incorporating self-emulsifying mixtures (oil/surfactant/drug) in the form of o/w emulsions in microcrystalline cellulose (MCC) during the process of wet massing, before extrusion-spheronization. It has been reported that with surfactants of higher hydrophilicity the massing liquid requirements for pelletization increase and faster disintegration of the self-emulsifying MCC pellets is achieved, while the reconstitution of emulsion is facilitated with higher oil/surfactant ratios (11, 12) .
Until now, the effect of the drug nature on the properties of self-emulsifying drug delivery systems has received relatively little attention and even fewer literature reports appear for self-emulsifying pellets (13, 14) . From the available reports it appears that the presence of drug in the oily phase of o/w emulsions affects their droplet size and stability, with maximum destabilization occurring near drug saturation (15, 16) . Furthermore, the presence of the drug may affect the viscosity of the emulsions through its effect on the droplet diameter and its presence on the oil/water interface (17) which in turn may affect agglomeration during wet massing of MCC with the emulsion, the rheological properties of the resulting wet mass, and the properties of the final pellets (18) . In addition, the presence of any free drug in the aqueous phase of the emulsion and its migration during drying, towards the surface of the pellets, may alter the distribution of the drug in the pellet (19) (20) (21) . So far, there is little bibliographic information on this point and no data at all for the distribution (migration) of drugs in selfemulsifying pellets, although previously published results on the kinetics of drug release and emulsion reconstitution, have indicated the operation of a bi-phasic release process, a fast initial and a slow terminal release attributed to migration of oil/surfactant/drug mixture during drying of pellets (22) .
Therefore, the aim of the present work was to expand the already studied effects of formulation variables (drug lipophilicity, surfactant type, and oil/surfactant ratio) on the properties of the emulsions used for the preparation of MCC pellets (droplet size, ζ, and viscosity) and elucidate possible relationships between them and the properties of the produced self-emulsifying pellets (micromeritic, mechanical, and drug migration). Furosemide and propranolol that belong to BCS class IV and II, respectively, and of similar aqueous solubility (0.063 and 0.051 mg/ml at 25°C) but different lipophilicity (log P 2.0 and 3.5) were the drugs, medium chain triglycerides the oil and Cremophors ELP, RH40, and RH60, the surfactants, employed at oil/surfactant ratios of 1.5 and 2.3 previously found to give good reconstitution of emulsions from the self-emulsifying pellets (12, 22) .
MATERIALS AND METHODS

Materials
Microcrystalline cellulose (Avicel® PH-101, lot 6950C, FMC Ireland) was used as the pellet forming material. Furosemide (FS) and propranolol base (PR) were selected as the active pharmaceutical ingredients. Furosemide (Batch 9033HRII) from Ipca (Mumbai, India) was donated by Help Hellas (Athens, Greece) and propranolol base was prepared by reacting 20% w/w propranolol hydrochloride with 3% w/w sodium bicarbonate water solutions, followed by filtration and drying (23) . Medium chain triglycerides of caprylic/capric esters; C8: 59.6%, C10: 39.9%, C14 0.4% (Radia 7104, Oleon N.V., Oelegen, Belgium), and glyceryl polyethylene glycol ricinoleate (Cremophor ELP) or glyceryl polyethylene glycol oxystearate (Cremophors RH 40 and RH 60), donated by BASF (Ludwigshafen, Germany), were used as the oil and the surfactant components of the self-emulsifying liquid mixture. Distilled water was used as the external phase of the emulsions employed as massing liquids during pellet preparation.
Emulsion Preparation and Characterization
Appropriate amounts of oil and surfactant were mixed at ratios 1.5 and 2.3 and then drug (2% w/w) was added to them. The mixtures were heated at 50°C, until clear solutions were formed. Then, o/w emulsions used as massing liquids for the preparation of pellets were made by 1/4 dilution containing 25% (w/w) of oil/surfactant/drug mixture and 75% deionized water and their viscosity was measured. For the determination of droplet size and ζ of the emulsions, a higher dilution of oil/surfactant mixture in water (1/10) was applied to avoid multiple scattering effects.
Droplet Size
The droplet size was measured in triplicate using the Dynamic Light Scattering sizer (Zetasizer, ZEN3600, Malvern Instruments Ltd, Worcestershire, UK) and expressed as the average hydrodynamic diameter derived from the change of intensity of scattered light with time (laser 633 nm, detection angle 173°).
Zeta Potential (ζ)
Emulsions were placed in the electrophoretic cell of the above mentioned Zetasizer and ζ, which represents the charge on the surface of the droplets, was obtained from the electrophoretic mobility using the M3-PALS technique which is a combination of Malvern's laser Doppler velocimetry method (M3 measurement technique) and the Phase Analysis Light Scattering technique (PALS).
Viscosity
Kinematic viscosity was measured with an Ubbelohde glass capillary viscometer (Schott Geräte, Mainz, Germany) of internal diameter 0.63 mm, taking as reference the viscosity of water at 25°C (η=0.89 cST (centistokes, mm 2 /s)) and the efflux time for water (81±0.1 s). Measurement was applied to inert emulsions without drug, which were not used for pellet preparation, and, for the twelve emulsions containing drug. To convert the values to cP (centipoise, g·s/cm 2 ), multiplication by the average density, calculated from the density of the oil (0.95 g/cm 3 ) and that of the surfactants (1.05 g/cc, Handbook of Pharmaceutical Excipients), was applied.
Pellet Preparation and Characterization
For the preparation of pellets by extrusion/spheronization, 30 g batches of MCC powder were mixed with 30 g emulsions (75% water and 25% w/w oil/surfactant/drug self-emulsifying mixture) for about 5 min in a 1-L cylindrical mixing vessel, fitted with a three-blade impeller (22) . The emulsions had milky appearance except for those containing FS and oil/surfactant ratio 1.5, which gave clear (RH40) or slightly turbid, translucent emulsions. Further addition of small amounts of 2 to 5 g of water was required to obtain most spherical pellets. The resulting wet mass was extruded in a radial extruder (Model 20, Caleva Process Solutions, Dorset, UK) operated at 25 rpm and fitted with a 1-mm circular orifice and 1.75 mm thickness screen. The extrudate was immediately processed for 10 min at 1,360 rpm corresponding to a linear perimeter speed of 8.55 m/s in a spheronizer (Model 120, Caleva Process Solutions, Dorset, UK) fitted with a cross-hatch friction plate. The produced pellets were dried for 12 h in an air-circulation tray oven (UT6, Heraeus Instruments, Hanau, Germany) at 40°C. The final dry pellets contained 0.4% drug, 19.6% oil/surfactant mixture, and 80% MCC and their properties were evaluated as follows:
Size
Size distribution was determined by placing approximately 10 g of pellets on a stack of 10 cm diameter sieves of 300, 425, 600, 850, and 1,200 μm aperture (DIN/ISO3310-1, Retch, Haan, Germany) and vibrating for 10 min (Fritsch Analysette 3, Oberstein, Germany). Median pellet diameter was derived from cumulative weight plots of the weight of remaining pellets on each sieve.
Shape
Pellet shape was determined by using an image processing and analysis system comprised of stereomicroscope, top cold light source (Olympus SZX9, Japan and Highlight 3,100, Olympus Optical), video camera (VC-2512, Sanyo Electric, Japan), and software (Quantimet 500, Cambridge, England). About 100 pellets were examined, in 3-4 optical fields, at a total magnification of 6.5×5=32.5. The shape was expressed as fullness index [FI%= 100×(actual surface area−convex surface area)/actual surface area] which represents the surface irregularity, as aspect ratio (AR= length/breadth) and as shape factor e R which combines both geometrical and surface irregularity (24) . All shape parameters tend towards unity with increasing sphericity.
Friability
Friability was determined in a granule friabilator (Copley Scientific, type FRV 2000, Nottingham, UK) rotated at a speed of 25 rpm, for 10 min. Pellets (10 g) of the size fraction 600-1,200 μm were placed in the drum together with 20 g, 4 mm, glass beads. After rotation, the fines produced due to the shocks of the falling pellets were separated by sieving through a 600-μm sieve, for 5 min at 2 mm vibration amplitude (Fritsch Analysette, Oberstein, Germany). Friability, FR%, was calculated from the weight difference of the pellets remaining on the sieve (W f ) compared to initial pellet weight (W o ) expressed as percentage:
Tensile Strength
Pellets from the 1,000-1,200 μm fraction were diametrically loaded by using a modified CT-5 testing machine (Engineering System, Nottingham, UK), at an upper platen speed of 1 mm/min. The tester was fitted with a 25 N load cell (model ELFM-T2M, Entran, USA) connected to a signal amplifier (RDP E308, UK). The signal was collected with a polymeter (Handyscope, Holland) and recorded in Microsoft Excel files. The tensile strength, σ t , was calculated from the breaking force, F, and the pellet radius, R, by using the equation (25):
Disintegration
The disintegration time of pellets, 1,000-1,200 μm in diameter, was determined in a modified reciprocating cylinder USP Apparatus 3 (Bio-Dis RRT9, G.B. Caleva, UK) as described previously (12) .
Drug Migration
Pellets (5 g) of the size fraction 850-1,200 μm were placed together with 20 g, 4 mm glass beads, in 250 mL specially modified cylindrical glass jars in order to separate surface layers from the pellets and estimate drug content. The interior surface of the jars was covered by glued sand paper type P800 (FEPA classification) corresponding to about 16 μm grain size, which was selected after preliminary trials on the basis of the yield of outer layer removal from pellets. The jars were mounted on a Turbula mixer (Type T2C, Willy Bachofen AG, Basel Switzerland) and tumbled at a speed of 90 rpm. At 3-min intervals, the fines (<212 μm) were removed by sieving the jar content and tumbling was continued until collecting more than 250 mg fine powder.
The drug content was determined in the two size fraction (<212 and >212 μm) applying a validated UV spectrophotometric method in five samples as follows. Samples (50 mg) corresponding to 200 μg drug (nominal amount) were mixed for 5 min with 40 mL methanol, centrifuged for 3 min at 4,500 rpm (Heraeus Labofouge 400R, Thermo Electron Corporation, Osterode, Germany), and the concentration of extracted drug in the supernatant was determined at 272 and 290 nm for FS and PR, respectively. The extraction process and UV determination was repeated once with 20 and then with 10 mL methanol until absorbance lower than 0.003 was obtained.
Validation of the method was based on linearity between absorbance, A, and concentration, C, (R 2 >0.999, in the range 0.5-20.0 μg/mL and 1.0-50.0 μg/mL for FS and PR, respectively). The relationships between concentration and absorbance were: C=16.8067×A+0.4403 and C=42.9185×A+0.4206. Considering the sensitivity of the spectrophotometer as A=0.001, the lower limit of detection (LLOD) was 0.45 and 0.55 μg/mL and the lower limit of quantification LLOQ was 1.0 and 1.5 μg/mL for FS (A=0.034) and PR (A=0.026), respectively, which corresponds to coefficient of variation <2% (for five samples).
From the drug content in the two fractions (D outer and D inner ) the drug migration (M%) was expressed as:
On the basis of LLOQ (1.0 μg/mL for FS and 1.5 μg/mL for PR), any difference (D outer −D inner ) greater than 0.5% for FS and 0.75% for PR will be valid.
Reconstituted Emulsions
The evaluation of reconstituted emulsions was based on the determination of droplet size and zeta potential as already described for the emulsions used as wet massing liquids in the preparation of pellets. The reconstitution was evaluated using a USP II dissolution apparatus (Pharma-Test, Hainburg, Germany) by adding 3 g pellets corresponding to 0.6 g of oil/ surfactant/drug mixture in 200 mL distilled water, at 37± 0.5°C, and stirring for 3 h at 100 rpm. These conditions ensured complete reconstitution for most pellet batches (22) .
Experimental Design and Statistical Analysis
A mixed level full factorial, completely randomized design (12 runs) with two factors at two levels (drug lipophilicity and oil/surfactant ratio) and one factor at three (type of surfactant), was employed to study their effects on the properties of emulsions and pellets. The prepared batches according to the experimental design are shown in Table I .
For the statistical analysis, a 3-way analysis of variance (ANOVA) was applied and the statistical index adjusted coefficient of determination (R a 2 ) was used, representing the proportion of the variability in the data explained by the ANOVA, after adjusting for the number of experiments and the number of variables (26) . Furthermore, pairwise comparison of means (2-tailed t test) was applied for the estimation of the significance of the differences in the properties of emulsions due to the addition of drugs. For the analysis of the data, the SPSS 20.0 statistical software was used (IBM SPSS Statistics, Inc., Chicago, IL USA). Effects were considered significant at p value <0.05, less significant at p between 0.05 and 0.10, and without significance at p>0.10.
RESULTS AND DISCUSSION
The physicochemical properties of drugs, surfactants and oil are summarized in Table II . From the physicochemical properties, it can be seen that the aqueous solutions of FS and PR have high surface tensions (64 and 66 mN/m) indicating minor surface activity compared to the surface tensions of surfactants (41.3-44.8 mN/m). The molecular size of drugs is similar (330.8 and 259.3), but they have different lipophilicities (log P 2.0 and 3.5, respectively) and different solubilities in the oil/surfactant mixtures (24.7-63.2 mg/mL; ref. 22) . Therefore, the drugs are expected to be distributed differently between the droplets and the external aqueous phase (15) . Similarly, the surfactants employed are expected to be distributed differently in the oil/water interface, due to their different hydrophilicity (HLB 13.9-15.7), and also to present different excess surface concentration in the water/air interface at the pellet surface during drying (Fig. 1) . Consequently, the combinations of different drug and surfactant types in altered proportions are expected to influence the formation of emulsions and the properties of the self-emulsifying pellets (12, 13) .
Effect of Drug Incorporation on Emulsion Properties
In Fig. 2a -c, the properties of emulsions without (inert) and with drug are compared. It can be seen (Fig. 2a) that the presence of FS decreases the droplet diameter in all cases (pairwise comparison of means, t test, p=0.009), whereas that of PR decreases the diameter of emulsions with ELP and RH40 but not with RH60. Since the surface activity of the drugs is minor compared to the surfactants, the decrease in droplet diameter caused by the presence of drug implies a co-surfactant drug effect.
Regarding the zeta potential (ζ), it can be seen in Fig. 2b that for inert emulsions it is negative due to the free fatty acids present in the oil which confirms previously reported data for self-emulsifying systems with nonionic surfactants (13, 27) . In the case of inert emulsions with RH60, the zeta potential is less negative compared to the other surfactants probably due to their generally greater droplet diameter and its influence on droplet mobility (Fig. 1a and ref. 12) . Interestingly, in Fig. 2b , it can be seen that ζ changes significantly due to the presence of drug, negatively for furosemide and positively for propranolol. These ζ changes should be related to the presence of drug in the oil/water interface affected by both, the surfactant type and the oil/surfactant ratio.
More specifically, for furosemide which is a weak acid (pKa=4.25), its carboxylic acid ionizes in the aqueous solution giving negatively charged carboxylate and negative overall droplet surface charge, which explains the decrease of zeta potential. Conversely, the characteristic turning to positive values by propranolol should arise from its basic character due to the presence of amino group (−NH, pKa=9.53) which neutralize the free fatty acids present in the oil of the selfemulsifying mixture (28) .
Regarding the emulsion viscosity, it can be seen from Fig.  2c that in all cases, incorporation of drugs causes an increase. This can be attributed to the presence of drugs in the oil/water interface and the consequent alteration in the surrounding the droplet hydrated layer and hence in the shearing resistance (29) . In general, FS addition gave greater viscosity than PR, which is in agreement with its higher hydrophilicity and therefore increased presence in the oil/water interface (15) . Pairwise comparison of means, t test, gave p=0.012 for FS and p=0.006 for PR. The higher viscosity seen in Fig. 2c for formulation with Cremophor RH40 with oil/surfactant ratio 1.5 and furosemide in comparison with the formulation with ratio 2.3 is associated with the transparent appearance of the emulsion and its lower average droplet diameter (part of Pellet preparation in Materials and Methods and Table III) . Formation of transparent dispersions of RH40 with medium chain triglycerides was also previously observed for emulsions without drug (12). Effect of Surfactant Type and Ratio on Droplet Size, Zeta Potential, and Viscosity
In Table III are presented the results of droplet diameter and polydispersity index (PDI) and of ζ for the added to the MCC during pellet preparation and for the reconstituted emulsions, together with the viscosity of the added emulsions. Viscosity of the added emulsions was evaluated in order to be compared with the pellet properties. In Table IVare given the results of ANOVA for the main effects and interactions of the studied factors on the properties of added emulsions and self-emulsifying pellets.
Droplet Size
Comparing the droplet diameters of added to the MCC emulsions with those of the corresponding reconstituted, it can be seen that they are significantly smaller, except in the case of propranolol with RH60 at oil/surfactant ratio 2.3. The range of PDI values increase from 0.205-0.406 for the added emulsions (the majority between 0.205 and 0.290) to 0.381-0.498 for the reconstituted, which is still under 0.500, thus, allowing comparison of the droplet diameters of the different formulations (30) . The increase in reconstituted emulsions is by about a factor of 2, although still in the nano-size range (303-643 nm) which is desirable for absorption. The increase in the droplet size and the higher PDI values of the reconstituted emulsions, are attributed to the expected reduction in excess surface concentration of surfactant and drug in the oil/water interface due to the incomplete reconstitution of emulsions from pellets, as reported previously (12, 22) .
Regarding the effect of drug type on the droplet diameter of reconstituted emulsions, the more lipophilic PR appears giving emulsions with lower overall diameter (ANOVA p= 0.025, Table IV), implying better stability of the reformed emulsion due to the easier incorporation and more firmly bound lipophilic drug to the oil/surfactant and to the greater surfactant availability. Regarding the effect of oil/surfactant ratio on droplet diameter, from Table III appears that for the added emulsions and for the same drug and surfactant, the diameters for the high oil/surfactant ratio are greater than Table IV ) which should be attributed to decreased interfacial film formation due to the lower surfactant content.
Zeta Potential (ζ)
The effects of formulation variables on the ζ of the added emulsions have been already presented and discussed during the comparison of inert and pharmaceutical emulsions. Now, comparing the ζ of the reconstituted emulsions with that of the added, it can be seen from Table III that ζ in the reconstituted emulsions changes considerably towards negative values, which can be ascribed to the effect of dilution on the composition of oil/ water interface, and consequently, in the diffuse electrical layer around the droplets. In particular, this change shows the predominance of the free acids in the oil of the self-emulsifying mixture. ANOVA (Table IV) shows significant effect of the type of drug on ζ values for both added and reconstituted emulsions (p=0.006 and p=0.013, respectively) which means that drug charges still exist after reconstitution, resulting in significant differences in the droplet charges of the reconstituted emulsions of the two drugs. In fact, bivariate correlation analysis between the ζ values of added (1/10 dilution of oil/surfactant in water) and reconstituted emulsions gave linear relationship:
The higher dilution of droplets in the reconstituted emulsions is due to the volume of the reconstitution medium used in the test (200 mL in which 3 g pellets were suspended, corresponding to 0.6 g self-emulsifying mixture and 1/333 dilution instead of 1/10 in the prepared emulsions) and also due to the contact and adherence of the hydrophilic surfactants on the MCC fibrils of the dry pellets, resulting in incomplete reconstitution (12) .
Viscosity
Viscosity of the added emulsions was determined as a quantitative measure of the difficulty to flow, which is expected to vary, since their appearance varied from clear to translucent or milky liquid, due to the different composition and relatively high content (25% w/w) of the drug/oil/surfactant mixture. More importantly, emulsion viscosity may affect the micromeritic and particularly the drug migration during pellet drying (19) . The effect of drug addition on viscosity has already been discussed and now the surfactant type and oil/ surfactant ratio will be considered.
From Table III , it appears that although the effect of surfactant on viscosity is of low statistical significance (p= 0.096, Table IV) RH40 contributes highest in viscosity, followed by RH60 and ELP. Taking into account the surfactant properties, Table II , we can see that their effect on emulsion viscosity should be a combination of molecular weight and HLB value, both of which (together with the surfactant content) affect their concentration in the oil/water interface. The increase of viscosity at lower oil/surfactant ratio is clear for all the emulsions studied and ANOVA confirmed this effect at significance p=0.059 (Table IV) which can be attributed to the increased surfactant content at the oil/water interface and hence greater hydration and shearing resistance.
Pellet Properties
In Table V are summarized the micromeritic together with the mechanical properties and in Table VI the pharmaco-technological properties of the pellets respectively. From Table V it can be seen that the extra amount of water required, additionally to the emulsion (30 g) for the formation of pellets with narrowest size distribution and most spherical shape, increases slightly with oil/surfactant ratio for half of the batches of both drugs. Also, for a fixed ratio it increases in the order ELP<RH40<RH60, which is the same as the order of their HLB value or hydrophilicity. Therefore, the effects of the surfactant content and type on the pellet properties should be ascribed to the hydration of MCC (12) .
Pellet Size
The results in Table V show that most pellet batches have a high percentage (69-89%) in the modal size fraction 850-1,200 μm and median diameters in a narrow size range (1,000-1,096 μm). ANOVA (Table IV) showed interaction of the effects of drug type and surfactant type on the median diameter (p=0.049). This is depicted in Fig. 3a by comparing the mean values of pellet diameters for the two drugs and the three surfactants. It can be seen that the difference between drugs are pronounced for pellets with ELP and RH40 but small for those with RH60. Also, for FS, the difference between ELP and RH60 or between RH40 and RH60 is large; whereas for PR, it is small, indicating that the effect of drug depends on the surfactant. The decreasing size of the pellets with increasing surfactant hydrophilicity (Fig. 3a) can be explained due to the greater extra water required for their preparation (Table V) and hence greater water loss and decrease in diameter during drying. As can be seen in Table V the range of required extra water is smaller for propranolol compared to furosemide (2 to 5 compared with 3 to 5) which accounts for the different effect of surfactant type for the two drugs.
Pellet Shape
From Table V , it can be seen that, except for formulation of PR with RH60 at oil/surfactant ratio 1.5, the values of the fullness index (FI% <3.90), aspect ratio (AR <1.12) and shape factor (e R >0.44) indicate production of spherical pellets. However, the values of e R for the different formulations vary considerably (0.37-0.55), meaning that e R is more discriminative. Comparing pellet batches of the two drugs, it can be seen that e R is lower for PR batches (drug effect significant at p= 0.059, Table V ). For the different surfactants, the results in Table V do not show a certain trend, whereas for different oil/ surfactant ratios e R increases clearly with the increase of oil/ surfactant ratio or lower surfactant content (p=0.054, Table  V ). Comparing the effects of the three studied factors on pellet shape and emulsion properties, we can see that viscosity and e R are both affected at similar significant level by the type of drug and the oil/surfactant ratio. Therefore, the differences in e R values should be related to the viscosity of emulsions used for the preparation of the pellets. More specifically, considering the data in Tables III and V , it can be seen that emulsions of furosemide with RH40 at oil/ surfactant ratio 1.5 and 2.3 (denoted as FS/RH40/1.5 and FS/ RH40/2.3) and emulsions of propranolol with RH40 and RH60 at ratio 1.5 (denoted as PR/RH40/1.5 and PR/RH60/1.5) with higher viscosity, correspond to more irregular pellets with higher FI% and AR and lower e R . Accordingly, the relationship between pellet shape and emulsion viscosity was examined by plotting data of the more established shape parameters aspect ratio (AR) and shape factor (e R ) against emulsion viscosity. The plots in Fig. 4a, b show that except for formulation PR/RH60/ 1.5, AR increases linearly with viscosity (R 2 =0.711 and 0.893 for FS and PR, respectively, Fig. 4a) , whereas e R decreases (R 2 = 0.740 and 0.977, Fig. 4b) .
The increased sphericity with decreasing viscosity should be due to even spreading of emulsions in MCC powder resulting in more homogeneous wet mass and improved distribution of the self-emulsifying oil/surfactant/drug mixture in the pellets. The deviation of formulation PR/RH60/1.5 representing high drug lipophilicity, high surfactant hydrophilicity and content, may be ascribed to the difficulty of spreading of the respective emulsion in MCC, resulting in high FI% and low e R values (Table V) .
Pellet Friability and Tensile Strength
From the results in Table V , it appears that all batches of self-emulsifying pellets exhibit friability >1.6%. This is expected considering the relatively high proportion of selfemulsifying mixture (20% w/w), resulting in weaker MCC interparticle bonding and less coherent pellets. More specifically, from Table V , it appears that overall, furosemide pellets show higher friability than propranolol and that for the same drug and surfactant, the friability of pellets with higher oil/ surfactant ratio is always lower. This should be related to the greater deformability of pellets due to the higher oil content and hence their greater ability to absorb shocks during tumbling in the friabilator and also to lubricating action of the oil. From the results of ANOVA (Table IV) , it is seen that all studied formulation factors affect friability and there are significant interactions between the effect of drug and surfactant type (p=0.046) as well as between the effect of drug type and oil/surfactant ratio (p=0.044).
The former of the two interactions is depicted in Fig. 3b , where the differences in friability for the two drugs are seen to be greater for Cremophor RH40, with FS showing highest and PR lowest friability, whereas there are no differences for Cremophor RH60. The latter of the two interactions is depicted in the plots of Fig. 3b , where the decrease in friability with oil/ surfactant ratio is seen to be steeper for FS. The greater friability of FS pellets compared to PR and, in particular, those made with Cremophor RH 40 (Fig. 3b) can be ascribed to the higher viscosity of the added FS/RH40 emulsions (7.75 and 4.98 cP at oil/surfactant ratios 1.5 and 2.3 for FS compared with 4.94 and 3.97 cP for PR, Table III ). The higher viscosity impairs the movement of emulsions and distribution into MCC powder, as manifested by high extrusion forces (18) , and consequently the efficiency of incorporation of oil/surfactant in the dry pellet, which adversely affects pellet deformability or the ability to absorb stresses during friability testing. The low and similar friability of the pellets of both drugs made with RH60 could be ascribed to the increased presence of the highly hydrophilic surfactant (HLB=15.7) on the pellet surface, migrating along with the water during drying and also, to its high molecular weight and solid nature (Table II) , resulting in harder pellet surface. The different effect of oil/surfactant ratio for the two drugs on friability (interaction shown in Fig. 3c ) can be ascribed to the greater difference in the viscosities of the emulsions of the two drugs at ratio 1.5 (1.39 cP, Table III) compared with ratio 2.3 (1.33 cP) and consequently greater difference in pellet deformability as explained above.
From the data in Table V , it appears that the type of drug and the surfactant do not have an effect on tensile strength. However, for the same drug and surfactant type, tensile strength clearly decreases with the increase in oil/surfactant ratio which should be attributed to the weakening of the interparticle MCC bonds due to the masking action of the oil (12) .
Pellet Disintegration
From Table III , the disintegration time does not seem to be influenced by the type of drug or surfactant. However, for the same drug and surfactant type, there is a general decrease with the increase in oil/surfactant ratio. This is in agreement with the weaker MCC interparticle bonding which is responsible for the tensile strength reduction due to the increased oil content and, additionally, it can be ascribed to lesser gel formation due to the lower surfactant content (11, 12) . The nearly double disintegration time of formulation PR/RH60/ 1.5 can be ascribed to the inefficient spreading and uneven distribution of oil/surfactant in the pellets which probably limits the presence of surfactant and wetting at certain parts of the pellet surface only, resulting in less efficient liquid penetration and longer disintegration time. This is also indicated by the lowest sphericity of PR/RH60/1.5 pellets (highest FI% and AR and lowest e R , Table V) .
Drug Migration in Pellets
The results of drug content in outer and inner part of pellets together with the calculated migration (%) and solubility of drug in the corresponding oil/surfactant mixture are given in Fig. 4 . Plots of a aspect ratio and b shape factor (e R ) with the viscosity of emulsions used for the preparation of pellets (round symbols for furosemide and square for propranolol) Table VI . Migration appears greater for the less lipophilic furosemide and particularly for higher oil/surfactant ratio.
The drug lipophilicity and oil/surfactant ratio should affect migration due to their combined influences on the solubilization of drug in the oil of droplets and on capillary flow (viscosity) of the emulsion used. In pellets, before drying, drug may exist as solubilized in the oil droplets and as dissolved or suspended in the continuous aqueous emulsion phase, Fig. 1 . Since the solubilities of the two studied drugs in water at the ambient temperature of pellet preparation, are similar (0.063 mg/mL for FS and 0.051 mg/mL for PR) and remarkably lower (about 3 orders of magnitude) than those in oil/surfactant mixtures (24.7-63.2 mg/mL), the drug lipophilicity should determine partitioning in the two emulsion phases and the concentration in the droplets (13, 15) . During drying, instability of the emulsion and deposition of drug dissolved in the aqueous phase may occur. Therefore, in dried pellets the drug exists as solubilized in the oil/surfactant mixture dispersed in the MCC particles, and/or as solid particles, mainly in the outer part of the pellets, carried there by the migrating aqueous phase of the emulsion during drying.
In addition, viscosity affects capillary flow of liquid phase towards the pellet surface and drug deposition due to water evaporation during drying together with surface tension as has been already reported for wet granulations dried in conventional oven (19) . The contribution of surface tension on migration is not expected to be significant for the examined formulations, since it is similar for the aqueous solutions of the two drugs (64.0 and 66.0 mN/m) and the three surfactants (41.3-44.8 mN/m, Table II) .
Comparing the effects of drug lipophilicity and oil/ surfactant ratio on emulsion viscosity and drug migration (%) (Tables III and VI) , there is apparently some controversy. As expected, decreased emulsion viscosity due to increase of oil/surfactant ratio (for the same drug) corresponds to increased migration (%) but decreased viscosity due to increased drug lipophilicity corresponds to decreased migration (%). This controversy reveals predominance of drug lipophilicity and solubility in oil droplets on migration (%) over that of capillary flow.
From the above discussion, it is clear that both the viscosity of the emulsion (η) and drug solubility in oil/surfactant mixture (S) should control drug migration towards pellet surface. Accordingly, from the drug migration (M%) plots against the product [η·S], Fig. 5 
that could be useful during formulation work.
CONCLUSIONS
Regarding the emulsion properties, viscosity is affected by the type of drug and oil/surfactant ratio, the droplet size by the oil/surfactant ratio, while zeta potential is affected by the drug.
For the micromeritic properties and mechanical strength of pellets, pellet shape is affected by the studied formulation variables and there was significant interaction between the effects of the drug and surfactant type on pellet diameter. There were also significant interactions between the effects of drug and surfactant type and between the effects of drug and oil/surfactant ratio on pellet friability.
Regarding the pharmaco-technological properties of pellets, drug migration is higher for furosemide of lower lipophilicity and for higher oil/surfactant ratio. The droplet size of the reconstituted emulsions and the zeta potential of both added to the MCC (for the preparation of pellets) and reconstituted emulsions are affected by the type of drug. Linear relationships between the emulsion viscosity and shape parameters of pellets (aspect ratio and shape factor) and exponential relationship between drug migration (%) and the product of viscosity and solubility of drug in oil/surfactant were established, which may be useful during formulation work of self-emulsifying pellets.
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